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57 ABSTRACT 

A system for extracting a high power beam from a vacuum 
in which a beam is generated into atmosphere, which system 
is formed of: (a) a thin foil window of a material having 
good heat dissipation properties positioned adjacent the 
vacuum to permit the beam to pass therethrough; and (b) an 
air dynamic window between the foil window and the 
atmosphere. The foil window and air dynamic window are 
designed such that most of the pressure ratio drop from 
vacuum to atmosphere is across the foil window and most of 
the pressure drop in psi is across the air dynamic window. 

20 Claims, 2 Drawing Sheets 
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SYSTEM FOR EXTRACTING A HIGH 
POWER BEAM COMPRSNG AR 
DYNAMIC AND FOLL WINDOWS 

FIELD OF THE INVENTION 

This invention relates to systems for the production of 
high power particle beams and more particularly to a system 
for facilitating the extraction to atmosphere of such high 
power beams from a vacuum in which they are generated. 

BACKGROUND OF THE INVENTION 

High power electron, ion and other particle beams are 
used in a variety of medical, scientific, and industrial appli 
cations including, for example, the use of electron beams to 
cure various polymers and other composites. One problem 
which has hindered the further application of such high 
power beams is the difficulty of extracting the beam from the 
vacuum environment in which they are normally generated 
to atmosphere where the beams are used for most applica 
tions. 

Heretofore, two techniques have typically been used for 
accomplishing such beam extraction, each of which has 
severe limitations. The first technique uses a thin foil 
window, with titanium being a typical material used for such 
windows. While such windows are compact and do not pose 
limitations on the diameter of the beam being extracted, the 
high pressure differential across these windows, which is 
roughly 14 psi, requires a thickness of window and the use 
of material having sufficient strength, and in particular 
sufficient burst strength or ultimate tensile strength at high 
temperature, so as to be able to function at such a pressure 
differential withoutbursting. However, the thickness of such 
foils and the materials such as titanium which are required 
to achieve an ultimate tensile strength sufficient to Support a 
14 psi pressure differential results in significant heating of 
the window during high power extraction as the window 
absorbs energy from the beam. This heating can lead to 
catastrophic implosion. Attempts have been made to control 
the heating of the foil by providing water cooling around the 
periphery. However, the foils remain difficult to cooland this 
has meant that the amount of beam power per unit area 
which can be transmitted through the foil window is limited. 
This is a particular problem when dealing with low energy 
beams (i.e. less than 500 keV) because low energy beams 
deposit a higher fraction of their power on the foil windows 
than do higher energy beams. However, low energy beams 
are desirable for many application. Further, the problem of 
window heating significantly shortens the useable life of a 
window, resulting in the need for more frequent window 
replacement, either because of window failure, or preferably 
through routine maintenance. Since the system cannot be 
used during window replacement, and since window 
replacement is a relatively difficult and time consuming 
procedure because of the large pressure differentials across 
the window, the need for frequent window replacements 
significantly increases the cost of operating the beam gener 
ating equipment and significantly reduces the efficiency with 
which such equipment can be used. 
The second technique is referred to as differential pressure 

extraction or more generally as air dynamic window extrac 
tion. These techniques involve passing the beam through 
successive differentially pumped chambers to maintain the 
desired vacuum in the beam generation chamber. The advan 
tage of these techniques is that they place no limit on the 
amount of power which can be extracted. However, each 
pumping stage takes up a significant space, particularly in 
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2 
the direction of the beam, and the number of pumping stages 
required to get from vacuum to atmospheric pressure can be 
Substantial, resulting in a relatively long and cumbersome 
device which can also be relatively expensive to operate. 
However, the most significant limitation on the systems is 
that, since the pumping rate is proportional to aperture 
diameter, the systems as a practical matter are limited to 
relatively small diameter beams (approximately 2 mm or 
less). 
A need therefore exists for an improved extraction system 

for use with high power beams in general, and with high 
power, low energy electron beams in particular, which does 
not impose significant limitations on either the power of the 
beam being extracted or on the diameter of the extracted 
beam, while not being unduly cumbersome or expensive to 
operate. Such a system should also not impose an undue 
maintenance burden. 

SUMMARY OF THE INVENTION 

In accordance with the above, this invention provides an 
extraction system for a high power beam from a vacuum in 
which the beam is generated into the atmosphere, which 
system is formed of: (a) a thin foil window of a material 
having good heat dissipation properties positioned adjacent 
the vacuum to permit the beam to pass therethrough; and (b) 
an air dynamic window between the foil window and the 
atmosphere. The foil window and the air dynamic window 
are designed such that the transition from high vacuum to 
rough vacuum (i.e. most of the pressure ratio drop) is across 
the foil window while most of the pressure drop in psi is 
across the air dynamic window. In particular, for preferred 
embodiments, the pressure ratio drop in Torr across the foil 
window is approximately eight to nine orders of magnitude, 
with the pressure ratio drop in Torr across the air dynamic 
window being approximately one to two orders of magni 
tude. In psi, the drop across the foil window is approxi 
mately 0.1 to 1.5 psi while the pressure drop across the air 
dynamic window is approximately 13.2 to 14.6 psi. 
The air dynamic window preferably includes at least two 

differentially pumped stages. Where there are two differen 
tially pumped stages, the pressure drop in Tort for the stage 
closer to the atmosphere is greater for a preferred embodi 
ment than for the other stage. Where there are more than two 
stages, the vacuum pumps for two of the stages are prefer 
ably larger than the pumps for the remaining stages. The foil 
window may be formed of a material which oxidizes in the 
presence of oxygen, for example a graphite material. When 
such a foil window material is used, an inert gas is intro 
duced into the beam path between the foil window and the 
air dynamic window to prevent air from reaching the win 
dow and thus to prevent oxidation thereof. 
The foil window is preferably formed of a material which 

has high ultimate tensile strength, even at elevated 
temperatures, and which also preferably has high radiative 
emissivity. For preferred embodiment, this material is a 
graphite, and more particularly an amorphous carbon foil. 
The thickness of the foil may be approximately 1 to 30 
micrometers. In order to minimize leakage through the foil, 
a double foil window may be utilized with each foil being 
roughly half the total thickness of the window. 
A valve may also be provided which, when opened, 

permits beam extraction and which, when closed, prevents 
loss of vacuum in the absence of the foil window. An 
element may also be provided for releasably forming a seal 
with the foil window in a position adjacent the vacuum and 
a carrier may be provided for bringing a replacement foil 
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window into the desired position to replace the foil window 
in such position, the seal for the previously used foil being 
released prior to replacement and the replacement foil 
window being sealed in place when it is in the desired 
position. This mechanism facilitates window replacement 
when such replacement is required, thereby minimizing the 
down-time required for such operation and increasing the 
efficiency at which the system is operated. 

Finally, a pump stage, for example a plasma arc pump, 
may be provided between the foil window and atmosphere 
to reduce the quantity of air entering the dynamic window. 
Alternatively, in proper application, pump stages used 
between the foil window and atmosphere might be a 
dynamic window or some type of pump other than or in 
addition to a dynamic window. 
The foregoing and other objects, features and advantages 

of the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention as illustrated in the accompanying drawings. 

IN THE DRAWTNGS 

FIG. 1 is a diagrammatic cutaway side view of a beam 
extraction system in accordance with a preferred embodi 
ment of the invention. 

FIG. 2 is a side view of a foil window for an alternative 
embodiment of the invention. 

FIG. 3 is a diagrammatic cutaway side view of a portion 
of the system shown in FIG. 1 as modified to facilitate 
replacement of the foil window. 

FIG. 4 is a front view of a carousel containing four foil 
windows suitable for use with the embodiment shown in 
FIG. 3. 

DETALED DESCRIPTION 

Various systems for generating high energy electrons, ion 
or other particle beams, require that such beams be gener 
ated in a vacuum environment. Such a high power beam 
might for example have 250 kW and might also have a high 
energy in the one to ten MeV range. However, such high 
power beams are also generated at lower energies, for 
example, energies in a 500 keV range and below. Examples 
of systems for generating high power particle beams are 
taught for example in U.S. Pat. Nos. Re 34.575 and in 
5,135.704. As discussed above, one problem with such high 
power systems has been extracting the beam from the 
vacuum chamber in which the beam is formed. 

Referring to FIG. 1, a window for performing such beam 
extraction is shown. In this figure, an electron or other 
energy beam 10 is generated in a vacuum chamber 12, with 
only the portion of this chamber adjacent to window beam 
shown. The window is in two parts, a foil window portion 
14 and an air dynamic window or differentially pumped 
portion 16. Foil window portion 14 includes a thin foil 
window 18, a holder for the window 20, and clamping 
elements 22 for holding the foil in place. Holder 20 may be 
cooled by running water therethrough or by other suitable 
means, but for reasons to be discussed later, such cooling is 
generally not necessary when utilizing the teachings of this 
invention. A pair of beam transport magnets 24 are also 
provided for this stage. 

Foil 18 is very thin, having a thickness of approximately 
1 to 30 micrometers, and is preferably formed of a material 
which has high burst strength/ultimate tensile strength at 
elevated temperatures and which has high radiative emis 
Sivity. For a preferred embodiment the foil is formed of a 
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4 
graphite material, and in particular of an amorphous carbon 
foil. While the foil window 18 may be formed of a single 
layer of foil, minor imperfections in such a thin foil can 
permit some leakage through the foil. To minimize leakage, 
a foil 18' such as that shown in FIG. 2, may be utilized, 
which foil is formed of two layers 26A, 26B of graphite foil 
mounted adjacent each other, the combined thickness of the 
two layers being equal to the thickness previously indicated. 
Leakage is reduced or eliminated by the fact that imperfec 
tions in the foil layers 26 are unlikely to be aligned. 

Since the graphitefamorphous carbon material utilized for 
foil 18 is subject to oxidation, it is desirable to prevent air 
from coming in contact with the foil. Therefore, an inert gas 
source 28 positioned between windows 14 and 16 provides 
an inert gas purge, for example an argon purge, adjacent to 
foil window 18 which blocks air from reaching the window. 

For the embodiment shown in FIG. the air dynamic 
window 16 is shown as being formed from two differentially 
pumped stages 30A and 30B. Each stage includes a pump 
32A and 32B, respectively, for removing air from the stage, 
and beam transport magnets 34 for controlling the beam as 
it passes through the stage. Differential pumping apertures 
36A-36C are also provided for the stages. 

At the far end of air dynamic window 16 is a gate valve 
38 which may be closed to seal the window. After passing 
through windows 14 and 16, the beam passes through and is 
controlled by steering and focusing magnets 40 before 
impinging on a suitable target 42. The nature of target 42 
will depend on application. 

Since the greater the pressure differential (i.e. the greater 
the ratio between the pressures) at the outputs from adjacent 
stages 30, the Smaller the area of the beam for a constant 
pumping speed by the pumps 32, (i.e. p1/p2=kS/A; where p1 
is a pressure at the input to stage 1, p2 is the pressure at the 
input to stage 2, kis a constant, S is the pumping speed, and 
A is the area of the beam), it is desirable to keep the pressure 
differential between adjacent stages of the differentially 
pumped window as Small as possible. However, since the 
pressure differential between the vacuum in chamber 12 and 
atmosphere where target 42 is located is typically approxi 
mately ten orders of magnitude, in order to achieve a 
reasonable beam diameter, it may be necessary to use ten or 
more differentially pumped stages in order to achieve a beam 
diameter of acceptable size. The alternative is to use a beam 
having a very Small cross sectional area which is not suitable 
for many applications, and even such a small beam may 
require five or more stages. Such multi-stage differentially 
pumped windows are therefore quite long along the beam 
line and therefore bulky and sometimes awkward to use. 
They are also relatively expensive because of the number of 
powerful pumps required and the operation of that many 
pumps also makes operation of such windows expensive. It 
is therefore desirable to minimize the ratio of the drop across 
the air dynamic window 16 so that this drop can be handled 
by as few differentially pumped stages as possible, thereby 
permitting the use of a larger area beam and also limiting 
both the bulk and cost of the overall system. 
By contrast, the burst strength of window 18 is deter 

mined by the absolute difference in pressure across the 
window rather than ratio of pressures. Therefore, while the 
ratio in pressure from the vacuum in chamber 12 to a value 
of, for example, 1.5 psi, represents approximately eight 
orders of magnitude in pressure change, and would therefore 
require eight or more differentially pumped stages in order 
to achieve a beam area of reasonable size, the forces on foil 
window 18 are only 1.5 psi, approximately 10% of full 
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atmospheric pressure. This relatively small pressure permits 
a much thinner foil to be utilized than that needed to support 
full atmospheric pressure and permits a foil to be utilized 
which has a lower burst or ultimate tensile strength. The 
thinner foil absorbs less energy from the beam and therefore 
generates less heat. Further, by using a material with high 
radiative emissivity such as an amorphous carbon or certain 
other graphites, the entire foil can be cooled by radiative 
emission which is more efficient than cooling only the edges 
of the foil by means of water flowing through the housing. 
Higher power beams can thus be passed by the window 
without excess heating of and potential damage to the foil. 

Conversely, since the differentially pumped stages 30 do 
not contain an element which can burst as a result of 
pressure drop thereacross, these stages can handle the 12 to 
14 psi drop which might occur across these stages without 
difficulty. Thus, by designing the system such that most of 
the transition from high vacuum to rough vacuum (i.e. most 
of the pressure ratio drop) is across the foil window portion 
14, while most of the pressure drop in psi occurs across the 
air dynamic window 16, advantage is taken of the strengths 
of each type of window so as to permit optimum beam 
energy and power with optimum beam radius. For a pre 
ferred embodiment, there is approximately a 1.4 psi drop 
across the foil window 18. The pressure drop across aperture 
36A is approximately 490 Torr (9.5 psi) and the drop across 
the aperture 36B is approximately 200 Torr (3.9 psi). If a 
wider beam is desired than that provided by the preferred 
embodiment, additional pumping stages 30 may be 
employed so as to further reduce the pressure differential in 
Torr across each differentially pumped stage. When this is 
done, the pump 32 used for two of the stages would typically 
be larger than those used for the remaining stages. If a 
narrower beam is desired than provided by the preferred 
embodiment, narrower apertures 36 will reduce the pressure 
at foil window portion 14. This will allow a thinner foil 18 
to be used, which is advantageous for very high power 
operation. 
FIGS. 3 and 4 illustrate an alternative embodiment of the 

invention which differs than that shown in FIG. 1 in three 
respects. First, a gate valve 50 is added between the film 
window and the air dynamic window, and in particular as 
close to the film window as possible. The purpose of the gate 
valve 50 is to permit vacuum to be maintained in chamber 
12 in the absence of foil window 18. A second difference is 
that window 18 is a window 18A which is one of four 
windows mounted on a carousel 52 which is rotatable about 
an axis 54. A third difference is the addition of a bypass 
valve 53 across foil window 18A. During an initial evacu 
ation of region 12, bypass valve 53 is open to equalize 
pressure across the foil. More particularly, during initial 
installation of foil 18, bypass value 53 is open and gate valve 
50 (and/or 38) is closed until the acceleration area 12 reaches 
high vacuum (107 Torr). The bypass valve is closed during 
normal machine operation. 

In operation, when a window 18 is to be replaced, gate 
valve 50, and probably also gate valve 38, are closed to seal 
the window. Particularly if gate valve 38 is also closed, 
pumps 32 and 28 may be turned off. Clamps 22 are then 
loosened and carousel 52 rotated, either by hand or by a 
Suitable motor or other mechanism, to bring a replacement 
window, for example window 18B, into the operative win 
dow position. Clamps 22 are then operated to reseal the new 
foil window 18B in place. The gate valves may then be 
opened and pumps restarted to restore normal operation. 
This procedure permits the rapid replacement of a number of 
windows contained on carousel 52. While for purposes of 
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6 
illustration four such windows have been shown in FIG. 4, 
this is by way of illustration only and a larger number of 
windows may be provided on the carousel in a selected 
application. This significantly reduces the system down time 
required for periodic replacement of the foil windows. 

While the invention has been particularly shown and 
described above with reference to preferred embodiments, it 
will be apparent to those skilled in the art that the various 
modifications in the embodiments shown which have been 
discussed previously, as well as other variations, may be 
made without departing from the spirit scope of the inven 
tion. For example, an atmospheric plasma arc acting as a 
pump 60 could be added, as shown, on the atmospheric 
(right) side of gate valve 38. A suitable pump would be 
similar to pumps known in the art, modified with a larger 
diameter aperture. Such a pump, which operates by ionizing 
air molecules and utilizing a magnetic field to sweep away 
the ionized molecules, would reduce the required power 
rating of pumps 32A and 32B by reducing the quantity of air 
entering differential pumping section 16. Such an embodi 
ment would be best suited for higher energy (ED1 MeV) 
electron or other beam systems, since the plasma arc would 
disturb the trajectory of lower energy electrons and other 
beam particles. With beams of high enough energy and/or 
with beams of a type whose trajectory would not be signifi 
cantly affected by the plasma arc, plasma arc pumps could 
be used instead of one or both of the differentially pumped 
stages. Other pump stages which are capable of removing 
significant quantities of air molecules might also be used 
either as an extra stage in lieu of the plasma arc pump or in 
lieu of the differentially pumped stages. The invention is 
therefore only to be limited by the following claims: 
What is claimed is: 
1. A system for extracting a high power beam from a 

vacuumin which the beam is generated into the atmosphere 
comprising: 

a thin foil window of a material having good heat dissi 
pation properties positioned adjacent the vacuum to 
permit the beam to pass therethrough; and 

an air dynamic window between the foil window and the 
atmosphere; 

most of the pressure ratio drop from vacuum to atmo 
sphere being across the foil window, and most of the 
pressure drop in psi being across the air dynamic 
window. 

2. A system as claimed in claim 1 wherein the pressure 
ratio drop in Torr across the foil window is approximately 
eight to nine orders of magnitude and the pressure ratio drop 
in Torr across the air dynamic window is approximately one 
to two orders of magnitude. 

3. A system as claimed in claim 1 wherein the pressure 
drop in psi across the foil window is approximately 0.1 to 
1.5 psi and the pressure drop in psi across the air dynamic 
window is approximately 13.2 to 14.6 psi. 

4. A system as claimed in claim 1 wherein the air dynamic 
window includes at least two differentially pumped stages. 

5. A system as claimed in claim 4 wherein there are two 
differentially pumped stages. 

6. A system as claimed in claim 5 wherein the pressure 
drop in Torrfor the stage closer to atmosphere is greater than 
for the other stage. 

7. A system as claimed in claim 4 wherein there are more 
than two stages, wherein there is a vacuum pump for each 
stage, and wherein the pumps for two of said stages are 
larger than the pumps for the remaining stages. 

8. A system as claimed in claim 1 wherein the foil window 
is formed of a material which oxidizes in the presence of air, 
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and including an inert gas purge introduced into the beam 
path between the foil window and the air dynamic window. 

9. A system as claimed in claim 1 wherein the foil window 
is formed of a material which has high ultimate tensile 
strength even at elevated temperatures. 

10. A system as claimed in claim 9 wherein the material 
for the foil window has high radiative emissivity. 

11. A system as claimed in claim 10 wherein the material 
for the foil window is a graphite. 

12. A system as claimed in claim 11 wherein the material 
for the foil window is an amorphous carbon foil. 

13. A system as claimed in claim 10 wherein the foil has 
a thickness of approximately 1 to 30 m. 

14. A system as claimed in claim 13 wherein the foil 
window is a double-foil window, with each foil being 
roughly half the total thickness of the window. 

15. A system as claimed in claim 1 including a valve 
which, when open, permits beam extraction and which, 
when closed, prevents loss of vacuum in the absence of said 
foil window, an element for releasably forming a seal with 
the foil window in the position adjacent the vacuum, and a 
carrier for bringing a replacement foil window to said 
position to replace the foil window previously in said 
position, the element releasing the seal for the previously 
used foil window prior to replacement and sealing the 
replacement foil window when it is in said position. 
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16. A system as claimed in claim 1 wherein said high 

power beam is an electron beam. 
17. A system as claimed in claim 1 including a bypass 

valve across the foil window to allow selective equalization 
of pressures thereacross. 

18. A system as claimed in claim 1, including a pump 
stage between the air dynamic window and atmosphere to 
reduce the quantity of air entering the air dynamic window. 

19. A system as claimed in claim 18 wherein said pump 
stage is a plasma arc. 

20. A system for extracting a high power beam from a 
vacuum in which the beam is generated into the atmosphere 
comprising: 

a thin foil window of a material having good heat dissi 
pation properties positioned adjacent the vacuum to 
permit the beam to pass therethrough; and 

at least one pump stage between the foil window and 
atmosphere for effecting the removal of air molecules; 

most of the pressure ratio drop from vacuum to atmo 
sphere being across the foil window, and most of the 
pressure drop in psi being across the at least one pump 
stage. 


